International  Journal  of  Mechanical  and  Production 
Engineering  Research  and  Development  (UMPERD) 

ISSN(P):  2249-6890;  ISSN(E):  2249-8001 
Vol.  9,  Issue  5,  Oct  2019,  71-80 
©  TJPRC  Pvt.  Ltd. 

ON  TRIBOLOGICAL  BEHAVIOR  OF  SYNTHETIC  FIBER  REINFORCED 
POLYMER  COMPOSITES  MODIFIED  WITH  FILLERS:  A  REVIEW 

RAVIKIRAN  KAMATH.  B1  &  SUDHEER.  M2 

1  Department  of  Mechanical  Engineering,  N.M.A.M.  Institute  of  Technology,  Nitte,  Karnataka,  India 
2  Department  of  Mechanical  Engineering,  S.J.E.C.,  Mangaluru,  Karnataka,  India 

ABSTRACT 

Polymer  composites  reinforced  with  fibers  have  been  consistently  employed  in  applications  involving  friction  in  many 
industrial  components.  Though  natural  fibers  possess  many  advantages,  they  absorb  greater  moisture  and  also  their 
impact  properties  being  quite  low,  ultimately  degrades  the  mechanical  properties.  On  the  other  hand,  synthetic  fibers  offer 
greater  specific  strength,  less  density  and  extraordinary  mechanical  and  tribological  properties  and  hence  substituted  with 
many  natural  fibers.  In  this  point  of  view,  an  effort  has  been  made  in  this  article  to  highlight  the  tribological  behavior  of  a 
number  of  synthetic  fiber  reinforced  polymer  matrix  composites  modified  by  fillers  to  satisfy  greater  strength  or  modulus 
requirements. 
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INTRODUCTION 

Since  the  past  few  decades,  there  has  been  a  growing  demand  for  materials  which  are  stronger  as  well  as  stiffer,  but 
at  the  same  time  lighter,  used  in  different  fields  like  aerospace,  energy  and  civil  constructions.  With  regard  to  this 
requirement  and  due  to  an  unparalleled  quest  for  newer  materials,  composite  materials  evolved,  which  has  proven  to 
be  a  massive  breakthrough  in  the  relentless  effort  of  optimization  in  materials. 

Typically,  a  composite  material  constitutes  two  or  more  materials  which  are  mixed  and  bonded  on  a  macroscopic 
scale  [1],  Any  composite  material  is  made  up  of  three  main  elements-the  matrix,  the  reinforcement  or  fiber,  and  the 
so-called  interfacial  region.  Reinforcing  fibers  provide  strength  and  hardness  to  the  composite,  while  the  matrix  materials 
provide  corrosion  resistance,  toughness  and  ductility.  Literature  reveal  that,  along  with  fiber  and  matrix  material,  one  or 
more  forms  of  filler  materials  or  additives  have  been  added  to  suit  greater  strength  and  modulus  requirements  [2].  The 
interfacial  region  is  accountable  for  the  communication  amongst  the  matrix  and  filler  material  and  is  usually  recognised 
with  properties  dissimilar  to  that  of  the  matrix  owing  to  its  immediate  vicinity  to  the  surface  of  the  filler. 

The  fibers  used  in  composites  may  be  either  natural  or  synthetic,  while  the  matrix  may  be  a  metal,  ceramic 
or  a  polymer.  Natural  fibers  demonstrate  reduced  impact  strength  and  increased  moisture  absorption  which  results  in 
degradation  of  mechanical  properties  [3],  Furthermore,  the  use  of  natural  fibers  is  limited  to  only  non-tribological 
applications  as  they  possess  strength  values  lower  than  that  of  polymer  composites  prepared  by  reinforcing  synthetic 
fibers.  Incidentally,  the  synthetic  fibers  also  exhibit  low  density,  high  specific  strength  and  exceptional  mechanical 
properties.  On  the  other  hand,  polymers  offer  advantages  like  low  density,  decent  corrosion  resistance,  low  thermal 
and  electrical  conductivity,  translucence,  aesthetic  colour  effects  etc.  Polymer  matrix  composites  are  being 
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extensively  used  in  the  field  of  friction  and  wear  because  of  their  lightweight,  high  strength,  abrasion  resistance  and  high 
load  carrying  capacity.  Since  the  polymer  matrix  essentially  needs  to  resist  higher  loads,  it  is  normally  reinforced  with 
fibers  and  fillers.  Polymer  composites  reinforced  with  synthetic  fibers  made  up  of  glass  [4-20],  carbon  [21-30],  aramid 
[31-34]  etc.  are  being  extensively  deployed  in  engineering  applications  because  of  their  exceptional  mechanical 
performance.  The  detailed  classification  of  synthetic  fibers  is  illustrated  in  Figure  1 . 


Figure  1:  Commonly  Used  Organic  and  Inorganic  Synthetic  Fibers 

TRIBOLOGY  AND  ITS  NEED 

Tribology  deals  with  the  study  and  application  of  the  principles  of  friction  and  lubrication  concerning  two  surfaces  that 
interact  and  are  in  relative  motion.  Since  the  failures  associated  with  wear  and  friction  can  incur  a  heavy  cost  to  any 
industry  and  also  may  lead  to  its  shutdown,  the  analysis  of  tribological  behavior  becomes  extremely  important. 
Characteristic  tribological  properties  like  self-lubrication,  lower  friction  coefficient  and  superior  wear  resistance  are 
anticipated  in  machine  parts  such  as  gears,  cams,  wheels,  brakes,  bearings,  bushings[35]  and  so  on.  Polymers  with  fibers 
and  fillers  are  widely  used  in  order  to  achieve  this  objective. 

HYBRID  POLYMER  COMPOSITES 

Hybrid  polymer  composites  are  novel  and  advanced  composites  when  compared  to  conventional  polymer  composites 
reinforced  with  fibers.  A  fiber-reinforced  composite  comprises  of  only  a  single  reinforcing  phase  in  a  single  matrix, 
whereas  hybrids  could  possess  more  than  one  phase  of  reinforcement  with  a  single  matrix  or  one  phase  of  reinforcement 
with  several  phases  of  matrix  materials.  The  usage  of  natural  fibers  leads  to  adverse  mechanical  and  electrical  properties  as 
a  result  of  the  mismatch  with  the  hydrophobic  polymer  matrix.  These  limitations  can  be  reduced  by  hybridization 
technique  [36].  Friction  and  wear  rate  is  typically  affected  by  the  properties  of  matrix  and  reinforcement  materials,  process 
opted  for  manufacturing,  orientation  and  length  of  the  fibers,  conditions  under  which  the  components  are  operated  as  well 
as  the  sequence  of  stacking  of  the  laminates.  Therefore,  the  parameters  like  sliding  distance  and  load  applied  are  optimised 
to  improve  the  wear  properties  [37]. 

LITERATURE  REVIEW 

Baptista  et  al.  (2016)  explored  the  influence  of  varying  amounts  of  graphite  filler  content  on  the  mechanical  as  well  as 
tribological  properties  of  epoxy  composites  reinforced  with  carbon  fibers.  Epoxy  matrix  composites  comprising  0  to  30 
wt.%  graphite  were  prepared.  The  prepared  composite  samples  were  characterized  for  their  mechanical  properties  and 
resistance  to  sliding  wear.  The  results  showed  that  the  existence  of  graphite  in  the  matrix  material  ultimately  increased  the 
wear  resistance  due  to  the  lubricant  action  exhibited  by  graphite. 
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Srinivas  and  Bhagyashekar  (2014)  studied  the  tribological  behavior  of  composites  reinforced  with  graphite  and 
silicon  carbide  (SiC)  particulates  with  epoxy  as  the  matrix  material  and  a  hybrid  Graphite-SiC  as  filler.  The  results  showed 
that  the  hybrid  filler  improved  the  wear  resistance  when  compared  with  that  of  Graphite-SiC. 

Zhang  et  al.  (2014)  prepared  carbon  fabric  reinforced  phenolic  matrix  composites  modified  with  potassium 
titanate  whiskers  (PTW)  as  the  fillers  and  the  tribological  properties  of  the  prepared  composites  were  studied.  The  results 
showed  that  the  optimal  PTW  considerably  reduced  the  wear  rate.  It  was  observed  that  the  sliding  conditions  highly 
influenced  the  friction  and  wear  properties  of  the  composites. 

B.  Suresha  et  al.  (2018)  fabricated  carbon  fiber  mat  reinforced  epoxy  matrix  composite  with  varying  amounts 
of  PT  Was  filler  material.  The  influence  of  PTW  on  the  wear  behaviour  under  dry  sliding  conditions  of  the  fabricated 
composite  was  examined.  The  results  indicated  that  the  integration  of  PTW  into  the  composite  improved  the  resistance 
to  wear. 

M.  Sudheer  et  al.  (2014)  developed  composites  reinforced  with  E-glass  fiber  and  epoxy  matrix,  while  PTW  and 
graphite  were  used  as  fillers  and  solid  lubricant  respectively.  The  effect  of  PTW  and  graphite  on  the  dry  sliding  wear 
behaviour  of  the  composites  were  studied.  The  experimental  results  showed  that  the  single  combination  of  PTW  filler 
improved  the  friction  coefficient  of  the  composites. 

Li  et  al.  (2016)  inspected  the  tribological  performance  of  kevlar  fabric  reinforced  polytetrafluoroethylene(PTFE) 
matrix  composites  with  SiC  and  tungsten  disulphide  (WS2)  as  filler  materials.  The  results  indicated  that  the  hybrid  fillers 
filled  composites  attained  the  anticipated  tribological  properties  in  dry  sliding  which  could  be  attributed  to  the  development 
of  a  stable  transfer  film  against  the  counter  surface. 

Wei  et  al.  (2018)  prepared  a  carbon  fabric  reinforced  epoxy  matrix  composite.  The  filler  material  being,  six 
potassium  titanate  whisker  (SPTW).  Investigations  were  carried  out  to  assess  the  changes  in  friction  and  wear  of  the 
composite  with  different  loads  and  to  understand  the  effect  of  fillers  on  its  tribological  properties.  The  results  revealed  that 
the  SPTW  exerted  a  good  wear  resistance  effect. 

Basavarajappa  and  Ellangovan  (2012)  fabricated  an  E-glass  fiber  reinforced  epoxy  composite  with  SiC  and 
graphite  particles  as  fillers.  The  selection  of  these  materials  as  fillers  was  because  of  the  fact  that  they  have  the  capacity  to 
withstand  high  temperature.  The  composites  prepared  were  tested  for  their  dry  sliding  wear  characteristics.  It  was  observed 
that  the  incorporation  of  fillers  to  the  composite  resulted  in  improved  wear  resistance. 

The  abrasive  wear  performance  of  glass  epoxy  composites  with  granite  as  fillers  were  investigated  by  S 
Basavarajappa  et  al.  (2011)  using  structural  analysis.  The  specimens  were  prepared  by  hand  layup  method  and  were 
abraded  against  a  silicon  carbide  particle  (SiCp)  abrasive  paper.  The  results  revealed  that  the  addition  of  granite  as 
secondary  reinforcement  increased  the  resistance  to  abrasive  wear  of  the  composite  specimen.  In  addition,  it  was  realised 
that  the  load  applied  and  sliding  distance  was  the  significant  physical  and  statistical  parameter  that  influenced  the  wear  of 
the  composite. 

Bhagyashekar  and  Rao  (2007)  performed  a  study  on  analysing  the  effect  of  wear  behaviour  of  particulate  filled 
SiC-epoxy  and  graphite-epoxy  composites  using  a  pin  on  disc  arrangement.  The  results  indicated  that  the  addition  of  fillers 
with  epoxy  increased  the  wear  resistance,  in  particular  the  graphite  epoxy  composite. 
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Suresha  et  al.  (2007)  inspected  the  friction  and  wear  behavior  of  glass-epoxy  composites  with  SiC  and  graphite  as 
fillers.  It  was  revealed  that,  upon  addition  of  graphite  and  SiC  particulate  as  fillers  the  friction  and  wear  of  the  composite 
was  considerably  reduced.  In  other  words,  the  glass-epoxy  composite  filled  with  SiC  gave  better  resistance  to  sliding  wear 
when  compared  to  glass-epoxy  composites  which  were  unfilled. 

A.  A.  Megahed  et  al.  (2017)  studied  the  tribological  performance  of  composites  reinforced  with  woven  tissue 
glass  fiber  in  an  epoxy  matrix  with  silica  and  carbon  nano  particles  as  fillers.  The  results  obtained  from  wear  test  indicated 
that  the  integration  of  silica  and  carbon  nano  particles  considerably  enhanced  the  resistance  to  wear.  The  analysis  of 
variance  (ANOVA)  results  revealed  that  time  was  the  highly  influencing  parameter. 

W.  Sun  et  al.  (2018)  prepared  kevlar  fabric  reinforced  PTFE  matrix  composite  with  milled  pitch  based  carbon 
fibers  (CF)  as  fillers  and  investigated  the  tribological  properties.  These  are  a  class  of  self-lubricating  materials  used  in 
bearing  liners.  The  results  demonstrated  that  the  suitable  combination  of  CF  could  reduce  the  wear  rate  of  the  composite 
with  virtually  fixed  value  of  friction  coefficient. 

N.  Dadkar  et  al.  (2009)  fabricated  fly  ash  filled  kevlar  pulp  reinforced  phenolic  resin  composite  and  investigated 
the  tribological  properties  for  friction  braking  applications.  The  wear  test  results  exhibited  decrease  in  the  friction  fade 
behaviour  of  the  composite  with  fly  ash  content,  while  there  was  a  decrease  observed  in  frictional  fluctuation  with  the 
increase  in  flyash  content. 

The  extensive  literature  review  conducted  to  understand  the  tribological  behavior  of  polymer  matrix  composites 
reinforced  with  synthetic  fibers  and  modified  by  fillers  is  presented  in  Table  1. 


Table  1:  Comparison  of  Tribological  Test  Results  of  Various  Synthetic  Fiber  Reinforced 

Polymer  Matrix  Composites 


Type  of  synthetic 
Reinforcement 

Polymer 
Matrix  Resin 

Additives/ 

Fillers 

Hardener/ 

Solvent 

Tribology  Test 
Results 

Reference 

Woven  carbon 
fibers  fabric 

Epoxy  resin 
SR1500 

Synthetic 

graphite 

platelets 

SD2505 

Presence  of  fillers 
decreased  the 
subsurface  fatigue  wear 

[38] 

Silicon  carbide  and 
Graphite 

Epoxy  resin 
LY556 

Hybrid  graphite- 
SiC 

Amine 

hardener 

HY951 

Hybrid  filler  improved 
the  wear  resistance 

[39] 

Plain  PAN  carbon 
fabric 

Adhesive  204 
phenolic  resin 

PTW 

Mixed  acetone 
solvent 

PTW  reduced  the  wear 

rate 

[40] 

E-glass  fibers 
(plain  woven 
fabric  type) 

Epoxy  resin 
LY556 

PTW  and 
lubricant  filler 
graphite 

Amino  based 
hardener 

HY951 

Single  inclusion  of 

PTW  improved  anti¬ 
wear  abilities 

[42] 

Carbon  fabric 

Epoxy  resin 

E-44 

Potassium 

hexa-titanate 

whiskers 

Silane 

Coupling 

Agent  KH550 

The  addition  of 
whiskers  exerted  good 
wear  resistance 

[44] 

E-glass  fiber 

Epoxy  resin 
LAPOX  L-12 

SiCp  and 

Graphite 

powders 

Polyamine 
hardener  K-6 

Fillers  resulted  in 
improved  wear 
resistance 

[45] 

E-glass  fabric 

Epoxy  resin 
LAPOX  L-12 

Granite  particles 

Polyamine 
hardener  K-6 

Addition  of  granite 
increased  the  abrasive 
wear  resistance 

[46] 

E-glass  fibers 

Epoxy  resin 
LAPOX  L-12 

Graphite  and 

SiC  particles 

Polyamine 
hardener  K-6 

Friction  and  wear  of 
the  composite  was 
considerably  reduced 

[48] 
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Table  1:  Contd., 

Kevlar  fabric 

PTFE 

Milled  pitch- 
based  CF 

CF  reduced  the  wear 
rate  of  the  composites 

[50] 

Kevlar  pulp 

Phenolic  resin 
Novolac  JA  10 

Flyash 

The  fade  coefficient 
was  the  deciding  factor 
in  determining  the 
wear  behaviour 

[51] 

CONCLUSIONS  AND  FUTURE  SCOPE 

In  this  review  paper,  an  attempt  has  been  made  to  study  the  tribological  behaviour  of  different  polymer  matrices 
reinforced  with  synthetic  fibers  modified  with  filler  materials.  Some  of  the  salient  observations  made  from  the 
literature  review  with  respect  to  the  choice  of  reinforcement,  matrix  and  filler  materials  are  as  follows: 

•  E-glass  is  the  most  commonly  employed  material  as  synthetic  reinforcement,  while  SiC  and  PTW  are 
found  to  be  the  ideal  filler  materials  used  for  most  of  the  synthetic  fiber  polymer  matrix  combination 
intended  to  be  used  in  tribological  applications. 

•  Epoxy  resin  is  an  excellent  thermosetting  polymer  and  presents  a  greater  adhesion  to  natural/synthetic 
reinforcements  as  well  as  organic/inorganic  fillers  due  to  the  generation  of  a  chemical  bond  which  acts 
as  a  protective  coating.  However,  pure  epoxy  is  brittle  and  offers  a  lower  wear  resistance  than  its 
counterparts.  Consequently,  it  becomes  unfit  to  be  used  in  extreme  conditions.  For  this  reason,  a  lot  of 
researchers  have  compounded  epoxy  with  other  materials  to  attain  better  wear  resistance. 

The  conclusions  drawn  from  this  review  are  summarized  as  follows: 

•  The  coefficient  of  friction  generally  shows  a  decreasing  trend  with  the  increase  in  the  filler  content  due  to  the 
formation  of  a  thin  layer  between  the  surface  of  the  specimen  and  the  wear  test  pin  thereby  acting  as  a 
lubricant. 

•  Besides  the  number  of  filler  materials  added,  the  sliding  conditions  like  the  velocity  of  sliding,  sliding 
distance  and  normal  load  applied  also  contribute  significantly  to  the  friction  coefficient  and  wear  properties 
of  the  polymer  composite. 

•  For  tribological  applications,  polymer  composites  offering  increased  resistance  to  wear  and  reduced  friction 
coefficient  are  favourable. 

•  Some  of  the  polymer  composite  properties  get  deteriorated  with  the  increase  in  filler  content.  The  need  of  the 
hour  is  to  monitor  the  quantity  of  filler  material  being  added  to  the  composite. 

•  In  comparison  with  the  polymer  composites  prepared  without  filler  materials,  the  filled  composites  exhibit 
superior  wear  properties  owing  to  the  fact  that  the  fillers  in  the  matrix  enhances  the  thermal  conductivity  and 
thereby  the  frictional  heat  is  easily  transferred  at  the  interface. 

•  The  influence  of  sliding  speed  on  the  friction  and  dry  sliding  wear  behaviour  of  polymers  is  dependent 
on  the  roughness  of  mating  surfaces  and  does  not  necessarily  follow  the  trend  of  higher  wear  rate  for 
higher  sliding  speed. 
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•  For  a  given  volume,  the  whiskers  which  are  short  and  fiber  shaped  large  aspect  ratio  crystals,  provide  more 
surface  area  for  interaction  and  increase  the  interface  for  the  transfer  of  load.  However,  the  literature  review 
reported  only  a  few  studies  conducted  on  synthetic  fiber  reinforced  polymer  matrix  composite  using  whiskers 
as  fillers. 

ACKNOWLEDGMENT 

The  authors  acknowledge  sincerely  for  the  assistance  provided  by  all  persons  either  directly  or  indirectly  to  frame 

this  review  paper. 

REFERENCES 

1.  Sanjay,  M.  A’.,  Arpitha,  G.  R.  &  Yogesha,  B.  (2015).  Study  on  mechanical  properties  of  natural  -  Glass  fibre  reinforced 
polymer  hybrid  composites:  A  review.  Materials  Today:  Proceedings,  2,  2959-2967 

2.  Devendra,  K.  &  Rangaswamy,  T.  (2013). Strength  characterization  of  E-glass  fiber  reinforced  epoxy  composites  with  filler 
materials.  Journal  of  Minerals  and  Materials  Characterization  and  Engineering,  1,  353-357 

3.  Alomayri,  T.,  Assaedi,  H.,  Shaikh,  F.  U.  A.  &  Low,  I.  M.  (2014).  Effect  of  water  absorption  on  the  mechanical  properties  of 
cotton  fabric-reinforced  geopolymer  composites.  Journal  of  Asian  Ceramic  Societies,  2,  223-230 

4.  Singh,  K.  K.  &  Rawat,  P.  (2018). Mechanical  behavior  of  glass/epoxy  composite  laminate  with  vaiying  amount  of  MWCNTs 
under  different  loadings.  Materials  Research  Express,  5 , 055012-1-055012-9 

5.  Kumar,  M.  S.,  Sharma,  N.  &  Ray,  B.  C.  (2008). Mechanical  behavior  of  Glass/Epoxy  composites  at  liquid  nitrogen 
temperature.  Journal  of  Reinforced  Plastics  and  Composites,  27,  937-944 

6.  Aktas,  M.  &  Karakuzu,  R.  (2009).  Determination  of  mechanical  properties  of  glass -epoxy  composites  in  high  temperatures. 
Polymer  Composites,  30,  1437-1441 

7.  Biswas,  S.  &  Satapathy,  A.  (2009).  Use  of  copper  slag  in  glass-epoxy  composites  for  improved  wear  resistance.  Waste 
Management  &  Research,  28,  615-625 

8.  Terpilowski,  J„  Woroniak,  J.  P.  &  Romanowska,  J.  (2014).A  study  of  thermal  diffusivity  of  carbon-epoxy  and  glass-epoxy 
composites  using  the  modified  pulse  method.  Archives  of  Thermodynamics,  35,  117-128 

9.  Ovali,  I.  (2018).  Tribological  performance  of  glass/epoxy  composites  filled  with  MWCNT.  International  Journal  of  Materials 
Research,  109,  341-349 

10.  Venkatraman,  S.  &  Kishore.  (1996). Study  of  fracture  features  in  foam  bearing  glass  epoxy  composites  subjected  to 
repeated  impacts.  Bulletin  of  Materials  Science,  19,  1143-1153 

11.  Mohapatra,  S.,  Mantry,  S.  &  Singh,  S.  K.  (2014).  Performance  evaluation  of  Glass-Epoxy-TiC  hybrid  composites  using 
design  of  experiment.  Journal  of  Composites,  2014,  1-9 

12.  Ivaturi,  S.,  Srikar,  Anusha,  K.,  Majee,  S.,  Baske,  H.,  Reddy,  P.  R.  &  Ghosal,  P.  (2017).  Fabrication  and  evaluation 
of  low  density  Glass-Epoxy  composites  for  microwave  absorption  application.  Defence  Science  Journal,  67,  682-687 

13.  Eneh,  A.  E.  (2015).  Application  Of  Recycled  Plastics  And  Its  Composites  In  The  Built  Environment.  Best  International 
Journal  Of  Management,  Information  Technology  And  Engineering,  3(3),  9-16. 

14.  Magid,  B.  A.,  Ziaee,  S.,  Gass,  K.  &Schneider,  M.  (2005). The  combined  effects  of  load,  moisture  and  temperature  on  the 
properties  of  E-glass/epoxy  composites.  Composite  Structures,  71,  320-326 


Impact  Factor  (JCC):  8.8746 


SCOPUS  Indexed  Journal 


NAAS  Rating:  3.11 


On  Tribological  Behavior  of  Synthetic  Fiber  Reinforced  Polymer  77 

Composites  Modified  With  Fillers:  A  Review 

15.  Zainuddin,  S.,  Fahim,  A.,  Arifin,  T..  Hosur,  M.  V,  Rahman,  M.  M.,  Tyson,  J.  D.  &  Jeelani,  S.  (2014). Optimization  of 
mechanical  and  thermo-mechanical  properties  of  epoxy  and  E-glass/epoxy  composites  using  NH2-MWCNTs,  acetone  solvent 
and  combined  dispersion  methods.  Composite  Structures,  110,  39-50 

16.  Bannister,  M.,  Herszberg,  I..  Nicolaidis,  A.,  Coman,  F.  &Leong,  K.  H.  (1998).The  manufacture  of  glass/epoxy  composites  with 
multilayer  woven  architectures.  Composites  Part  A:  Applied  Science  and  Manufacturing,  29,  293-300 

17.  Yuchang,  Q.,  Jie,  W.,  Hongyu,  W.,  Fa,  L.  &Wancheng,  Z.  (2016).  Graphene  nanosheets/E-glass/epoxy  composites  with 
enhanced  mechanical  and  electromagnetic  performance.  RSC  Advances,  6,  80424-80430 

18.  Pekbey,  Y.  (2008).TIte  bearing  strength  and  failure  behavior  of  bolted  e-glass/epoxy  composite  joints.  Mechanics  of  Composite 
Materials,  44,  397^-14 

19.  Nallusamy,  S.  (2016). Characterization  of  Epoxy  composites  with  Ti02  additives  and  E-Glass  fibers  as  reinforcement  agent. 
Journal  of  Nano  Research,  40,  99-104 

20.  Heckadka,  S.  S.,  Nayak,  S.  Y.,  Narang,  K.  &Pant,  K.  V.  (2015). Chopped  strand/plain  weave  E-Glass  as  reinforcement  in 
vacuum  bagged  Epoxy  composites.  Journal  of  Materials,  2015,  1-7 

21.  Mahmood,  H..  Unterberger,  S.  &Pegoretti,  A.  (2017).  Tuning  electrical  and  thermal  properties  in  Epoxy/Glass  composites  by 
Graphene-based  interphase.  Journal  of  Composites  Science,  1,  1-13 

22.  Duleba,  B.,  Dulebovd,  L.  &  Spisak,  E.  (2014).  Simulation  and  evaluation  of  Carbon/epoxy  composite  systems  using  FEM  and 
tensile  test.  Procedia  Engineering,  96,  70-74 

23.  Varelidis,  P.  C.,  McCullough,  R.  L.  &  Papaspyrides,  C.  D.  (1999).The  effect  on  the  mechanical  properties  of  carbon/epoxy 
composites  of  polyamide  coatings  on  the  fibers.  Composites  Science  and  Technology,  59,  1813-1823 

24.  Liu,  F.,  Deng,  S.  &  Zhang,  J.  (2017). Mechanical  properties  of  Epoxy  and  its  Carbon  fiber  composites  modified  by 
nanoparticles.  Journal  of  Nanomaterials,  201 7,  1-9 

25.  Paiva,  J.  M.,  Mayer,  S.  &  Rezende,  M.C.  (2005 (.Evaluation  of  mechanical  properties  of  four  different  carbon/epoxy 
composites  used  in  aeronautical  field.  Materials  Research,  8,  91-97 

26.  Salvado,  R.,  Lopes,  C.,  Szojda,  L.,  Araujo,  P„  Gorski,  M.,  Velez,  F.,  Gomes,  J.  C.  &Krzywon,  R.  (2015).  Carbon  fiber  Epoxy 
composites  for  both  strengthening  and  health  monitoring  of  structures.  Sensors,  15,  10753-10770 

27.  Carpentier,  L.,  Kapsa,  P„  Sarete,  J.,  Zidi,  M.  &  Sidoroff,  F.  (1996). Mechanical  characterization  of  carbon-epoxy  and  glass- 
epoxy  composites  by  indentation  testing.  Philosophical  Magazine  A,  74,  1131-1141 

28.  Stevanovic,  M.  M.  (1996). Mechanical  behaviour  of  Carbon/Epoxy  composites.  Materials  Science  Forum,  214,  231-238 

29.  Zhao,  M.,  Meng,  L.,  Ma,  L.,  Wu,  G.,  Wang,  Y.,  Xie,  F.  &Huang,  Y.  (2016).  Interfacially  reinforced  carbon  fiber/epoxy 
composites  by  grafting  melamine  onto  carbon  fibers  in  supercritical  methanol.  RSC  Advances,  6,  29654-29662 

30.  Phadnis,  V.  A..  Maklidum,  F.,  Roy,  A.  &  Silberschmidt,  V.V.  (2013). Drilling  in  carbon/epoxy  composites:  Experimental 
investigations  and  finite  element  implementation.  Composites  Part  A:  Applied  Science  and  Manufacturing,  47,  41-51 

31.  Paipetis,  A.  &Galiotis,  C.  (2011).  Modelling  the  stress-transfer  efficiency  of  carbon-epoxy  interfaces. Proceedings  of  the  Royal 
Society  A:  Mathematical,  Physical  and  Engineering  Sciences,  457,  1555-1577 

32.  Milyochin,  Y.  M.,  Gusev,  S.  A.,  Lunkina,  G.  V.,  Sokolov,  V.  V.,  Tikhonov,  l.V.  &  Shchetinin,  V.  M.  (201 6).Aramid  fiber 
reinforced  epoxy  composites:  Fiber-matrix  joint.  Theoretical  Foundations  of  Chemical  Engineering,  50,  816-821 


www.tiprc.ors 


SCOPUS  Indexed  Journal 


editor@tjprc.  org 


78 


Ravikiran  Kamath.  B  &  Sudheer.  M 


33.  Tawiah,  Benjamin.,  &  Asinyo,  B.  (2016).  Advances  in  spun-dyeing  of  regenerated  cellulose  fibers.  BEST:  International 
Journal  of  Management,  Information  Technology  and  Engineering,  4,  65-80. 

34.  Kausar,  A.  &  Siddiq,  M.  (2016). Epoxy  composites  reinforced  with  multi-walled  carbon  nanotube  /  poly(ethylene  glycol) 
methylether-coated  aramid  fiber.  Journal  of  Polymer  Engineering,  36,  465^171 

35.  Kalantar,  J.  &  Drzal,  L.  T.  (1990).  The  bonding  mechanism  of  aramid  fibres  to  epoxy  matrices.  Journal  of  Materials  Science, 
25,  4186-4193 

36.  Akhil,  K.  T.,  Blaise,  S.,  Davis,  G.,  Shunmugesh,  K.,  Genuvin,  C.  &Bins,  P.  (2016).  The  study  of  the  mechanical  properties  of 
aramid  fiber  reinforced  Epoxy  resin  composite.  Applied  Mechanics  and  Materials,  852,  36—42 

37.  Unal,  H..  Sen,  U.  &  Mimaroglu,  A.  (2004).  Dry  sliding  wear  characteristics  of  some  industrial  polymers  against  steel 
counterface.  Tribology  International,  37,  727-732 

38.  Yashas  Gowda,  T.  G.,  Sanjay,  M.,  Subrahmanya  Bhat,  K.,  Madhu,  P.,  Senthamaraikannan,  P.  &Yogesha,  B.  (201 8). Polymer 
matrix-natural  fiber  composites:  An  overview.  Cogent  Engineering, 5,  1446667-1-1446667-13 

39.  Jesthi.D.  K..  Mandal,  P.,  Rout,  A.  K.  &  Nayak,  R.  K.  (2018).  Enhancement  of  mechanical  and  specific  wear  properties  of 
Glass/Carbon  fiber  reinforced  polymer  hybrid  composite.  Procedia  Manufacturing,  20,  536-541 

40.  Baptista,  R..  Menddo,  A., Rodrigues,  F.,  Pina,  C.  G.,  Guedes,  M.  &Mendes,  R.  (2016).  Effect  of  high  Graphite  filler  contents  on 
the  mechanical  and  tribological  failure  behavior  of  Epoxy  matrix  composites.  Theoretical  and  Applied  Fracture  Mechanics, 
85,  113-124 

41.  Srinivas,  K.  &  Bhagyashekar,  M.  S.  (2014).  Wear  behaviour  of  Epoxy  hybrid  particulate  composites.  Procedia 
Engineering, 97,  488-494 

42.  Zhang,  X.,  Pei,  X.,  Wang,  Q.  &Wang,  T.  (2014).  Friction  and  wear  of  potassium  titanate  whisker  filled  Carbon  fabric/Phenolic 
polymer  composites.  Journal  of  Tribology, 137,  011605-1-011605-6 

43.  Suresha,  B.,  Harshavardhan,  B.  &Ravishankar,  R.  (2018).Tribo-performance  of  epoxy  hybrid  composites  reinforced  with 
carbon  fibers  and  potassium  titanate  whiskers.  Advances  in  Mechanical  Design,  Materials  and  Manufacture.  AIP  Conference 
Proceedings,  1 943,  020069-1-020069-9 

44.  Sudheer,  M.,  Hemanth,  K.,  Raju,  K.  &  Bhat,  T.  (2014).  Enhanced  mechanical  and  wear  performance  of  Epoxy/glass 
composites  with  PTW/Graphite  hybrid  fillers.  Procedia  Materials  Science,  6,  975-987 

45.  Li,  H.,  Zeng,  F.,  Yin,Z.,  Jiang,  D.  &  Huo,  Y.  (2016).  A  study  on  the  tribological  behavior  of  hybrid  PTE E/Kevlar  fabric 
composites  filled  with  nano-SiC  and/or  submicron-WS2fillers.  Polymer  Composites,  37,  2218-2226 

46.  Wei,  F.,  Jiang,  B.  &Pan,  B.  (2018).  Frictional  wear  of  potassium  titanate  whisker  filled  Carbon  fabric/Epoxy  composites. 
Chemical  Engineering  Transactions,  66,1 15-120 

47.  Basavarajappa,  S.  &Ellangovan,  S.  (2012).  Dry  sliding  wear  characteristics  of  glass-epoxy  composite  filledwith  silicon 
carbide  and  graphite  particles.  Wear, 296,  491—496 

48.  Al-Shammari,  M.  A.  A.,  &  Al-Gaffar,  S.  A.  Experimental  and  Theoretical  Study  In  Rubber  Reinforced  with  Carbon  Fillers 
Under  Tension-Cyclic  Load. 

49.  Basavarajappa,  S.,  Yadav,  S.  M.,  Kumar,  S.,  Arun,  K.  V.  &Narendranath,  S.  (2011).  Abrasive  wear  behavior  of  granite-filled 
Glass-Epoxy  composites  by  SiC  particles  using  statistical  analysis.  Polymer-Plastics  Technology  and  Engineering, 50,  516— 
524 


Impact  Factor  (JCC):  8.8746 


SCOPUS  Indexed  Journal 


NAAS  Rating:  3.11 


On  Tribological  Behavior  of  Synthetic  Fiber  Reinforced  Polymer 
Composites  Modified  With  Fillers:  A  Review 


79 


50.  Bhagyashekar,  M.  S.  &  Rao.  R.  M.  (2007).  Effects  of  material  and  test  parameters  on  the  wear  behavior  of  particulate  filled 
composites  Part  1:  SiC-Epoxy  and  Gr-Epoxy  composites.  Journal  of  Reinforced  Plastics  and  Composites,  26,  1753-1768 

51.  Suresha,  B.,  Chandramohan,  G.,  Samapthkumaran,  P.  &  Seetharamu,  S.  (2007).  Investigation  of  the  friction  and  wear 
behavior  of  Glass-Epoxy  composite  with  arid  without  graphite  filler.  Journal  of  Reinforced  Plastics  and  Composites,  26,  81-93 

52.  Reddy,  T.  B.  (2013).  Mechanical  performance  of  green  coconut  fiber/HDPE  composites.  International  Journal  of  Engineering 
Research  and  Applications,  3(6),  1262-1270. 

53.  Megahed,  A.  A.,  Agwa,  M.  A.  &Megahed,  M.  (2017).  Improvement  of  hardness  and  wear  resistance  of  Glass  fiber-reinforced 
Epoxy  composites  by  the  incorporation  of  silica/Carbon  hybrid  nanofillers.  Polymer-Plastics  Technology  and  Engineering, 
57,  251-259 

54.  Sun,  W.,  Gu  ,  Y.,  Yang,  Z,  Li,  M.,  Wang,  S.  &  Zhang,  Z.  (2018).  Enhanced  tribological  performance  of  hybrid 
Polytetrafluoroethylene/Kevlar  fabric  composite  filled  with  milled  pitch-based  carbon  fibers.  Journal  of  Applied  Polymer 
Science,  135,  46269-1-46269-9 

55.  Dadkar,  N.,  Tomar,  B.  &  Satapathy,  B.  K.  (2009).  Evaluation  of  flyash-filled  and  aramid  fibre  reinforced  hybrid  polymer 
matrix  composites  (PMC)  for  friction  braking  applications.  Materials  and  Design,  30,  4369^1376 


AUTHORS  PROFILE 


Ravikiran  Kamath  B.  completed  his  B.E.  (Mechanical)  and  M.Tech  (Machine  Design)  from  V.T.U.,  Belagavi  in  2008 
and  2014  respectively.  Currently  he  is  working  as  Assistant  Professor,  Department  of  Mechanical  Engineering  at 
N.M.A.M.  Institute  of  Technology,  Nitte.  He  has  10  years  of  teaching  experience  and  his  areas  of  interest  include 
Composite  Materials,  Machine  Design,  Continuum  Mechanics  etc.  He  is  currently  pursuing  Ph.D.  from  V.T.U.,  Belagavi 
on  the  area  of  composite  materials.  He  is  also  a  life  member  of  ISTE  and  IWS.  He  has  published  7  papers  in  various 
International  journals  and  conferences. 


www.tiprc.ors  SCOPUS  Indexed  Journal  editor@tjprc.org 


80 


Ravikiran  Kamath.  B  &  Sudheer.  M 


Dr.  Sudheer  M.  completed  his  B.  E.  in  Industrial  Production  from  Mangalore  University  in  1999,  M.Tech  in  Computer 
Integrated  Manufacturing  in  2005  under  V.T.U.,  Belagavi  securing  2nd  rank  and  Ph.D  from  V.T.U.,  Belagavi  in  2015  in 
the  area  of  tribology  of  polymer  composites.  He  has  over  13  years  of  teaching  experience  ,  3  years  of  industrial  experience. 
Currently  working  as  Head,  Mechanical  Engg  dept  and  Dean  (Student  welfare)  at  SJEC  Mangaluru.  He  has  15 
international  journal  publications,  7  international  conference  publications,  2  national  journal  publication.  He  has  also 
reviewed  research  articles  in  15  international  journals  of  repute  and  is  a  Life  Member  of  Indian  Society  for  Technical 
Education,  Life  member  of  Tribology  Society  of  India  and  Life  Member  of  Indian  society  for  Advancement  of  Materials 
and  Processing  Engineering. 


Impact  Factor  (JCC):  8.8746 


SCOPUS  Indexed  Journal 


NAAS  Rating:  3.11 


